Ca2+-dependent neutral proteases in hog thyroid cytosol were found to digest thyroglobulin.
Evidence has been accumulating to indicate the ubiquitous distribution of Ca2+-dependent proteases (calpains) in a wide variety of tissues and cells (Mollgrem, 1980; DeMartino, 1981) . There are two types of enzymes called calpain1and calpain2 which are eluted in this order from a DEAE-cellulose column. The former has high and the latter has low Ca2+ sensitivities. Their physiological roles are diverse, but they are known to be closely linked to cellular Ca2+-related phenomena.
It is known that filamin (Fox et al., 1983) and alpha-actinin (Reddy et al., 1975) are the endogenous substrates of calpains and that they are closely linked to morphological changes and serotonin secretion in platelets. Calpains are also known to activate protein kinase C by rendering it into its phospholipid-independent form of M-kinase (Meyer et al., 1964) .
Many investigations on thyroidal proteases dealt mainly with lysosomes. However, acidic pH optimum, defined existence in lysosomes and broad substrate specificity make it difficult for lysosomal enzymes to be involved in many physiological events occurring in cytosol.
It this study, we have demonstrated Ca2+-dependent proteases in hog thyroid. et al.
Endocrinol.
Japon. February1987 Free Ca2+ concentration The free Ca2+ concentration was adjusted by means of a metal-metal chelator buffer system using EGTA as the chelator. Composition of a metal-metal chelator buffer system was determined by calculation using the stability constant as described by Pershadsigh and McDonald (1980) .
Antiserum
Antiserum to porcine thyroglobulin was made as follows: The emulsion of porcine thyroglobulin (0.2mg) and Freund's complete adjuvant (0.2ml) were injected at6sites in rabbit back and the same amount of antigen was boosted once a week. After2months, the rabbits were bled and the antiserum was tested by double immunodiffusion. The antiserum produced a precipitation line against porcine thyroglobulin.
SDS-polyacrylamide gel electrophoresis and immunoblotting
Aliquots of each fraction eluted from the DEAE-cellulose column were tested as the substrates of calpain2in place of casein. Incubations were for30min and stopped by treating the samples with1% SDS and2% mercaptoethanol for5min in boiling water. Samples were applied to SDS-polyacrylamide gel electrophoresis by the method of Laemmli (1970) . The proteins and peptides in the gels were transferred to nitrocellulose membranes and then subjected to immunolabelling as described by Towbin et al. (1979) with some modifications: Nitrocellulose membranes were incubated with goat anti-rabbit IgG-peroxidase conjugate (1:200). Enzyme reaction was developed in50mM TrisHCl buffer (pH 7.5) containing diaminobenzidine (50mg/100ml) by adding H2O2 (0.05%).
Results
Resolution of peak I and peak II calpain activities Protease assay was carried out either with or without adding1mM CaCl2to the incubation medium. Fig.1 both peak I and peak II activities were slightly suppressed by an unknown cause. Peak I had rather little activity compared with peak II possibily because of coelution of an endogenous inhibitor (Inomata et al., 1983 ) (data not shown). Fractions24, 25 and26 (peak II) were collected and used mainly for further characterization of Ca2+-activated protease.
The enzyme was demonstrated to have a broad neutral pH optimum between6.0 to8.0when assayed by caseinolysis (data not shown).
In subsequent experiments, Tris-ECl buffer (pH7.5) was used.
Inactivation of calpain peak II by preincubation with Ca2+
Preincubation of peak II was started in the same assay mixture as used for calpains, but without casein. After this preincuba tion, casein was added to the medium and et al.
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Japon. February1987   Fig.2 1.4mg/ml were tested in addition to casein. Bovine serum albumin, ovalbumin, native hemoglobin and porcine thyroglobulin were used. The magnitude of proteolytic activity attributable to thyroglobulin or other proteins contaminated with peak II was estimated by incubation of peak II with or without Ca2+ in the absence of exogenous substrate. The Ca2+-dependent proteolysis in the absence of exogenous substrate was subtracted from the value of Ca2+-dependent proteolysis obtained with each exogenous substrate. The value thus obtained for casein was defined as100%.
Casein was the best substrate, followed in succession by ovalbumin (52%), porcine thyroglobulin (37%), bovine serum albumin (14%) and native hemoglobin (0%).
Thyroglobulin proteolysis by peak II
All the fractions eluted from DEAEcellulose column were tested as the substrate of peak II with the immunoblotting technique. When the F-1and F-2were incubated with peak II, thyroglobulin immunoreactivities were detected at mol wt in the 67,000and46,000bands
( Fig.5 ; F-1, F-2), respectively. Thus, the67K and46K proteins were confirmed to be the products et al.
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Japon. February1987 of thyroglobulin proteolysis by calpain2. These products were not clearly seen in the absence of Ca2+ in the medium.
When the F-3 was incubated with calpain 2, thyroglobulin immunoreactive40K protein decreased in the presence of calcium, indicating that40K protein was also the substrate for calpain2.
Discussion
Among the cytosolic proteases, calpains are of interest since many physiological events induced by TSH are linked to Ca2+ in the thyroid gland (Zor et al., 1968; Hashizume et al., 1984) . Two Ca2+-dependent proteases are separated from each other on DEAE-cellulose column chromatography of hog thyroid cytosol. Peak I showed high Ca2+ sensitivity and peak II had low Ca2+ sensitivity. Peak II digested casein in the neutral pH range. Peak II was sensitive to thiol protease inhibitors and monoiodoacetic acid, and was insensitive to a calmodulin inhibitor and serine protease inhibitors. This protease is classified in thiol protease and metal-activated protease. All the characteristics described above indicate that peak I and peak II resemble calpain1 and calpain2, respectively (Mollgrem, 1980; DeMartino, 1981) .
In porcine thyroid, a few proteases in lysosomes have been known to be inhibited Vol.34, No.1 CALPAINS AND THYROGLOBULIN 7 by thiol protease inhibitors (Nakagawa et al., 1981; Nakagawa and Ohtaki, 1984) . They are thought to be cathepsin B and cathepsin H reported in other tissues (Tawatari et al., 1978) . Although they have some characteristics in common with calpains, calpains are different from them in their Ca2+ sensitivity and existence in cytosol. Alteration of Ca2+ sensitivity from a low sensitive form with a millimolar range of Ka to a highly sensitive form with a micromolar range of Ka was induced by preincubation with Ca2+. The possibility that the enhancement of Ca2+ sensitivity (Fig.4 ) with partial inactivation (Fig.3) was elicited by the autolysis of calpain itself might be considered. Such great enhancement of the sensitivity of calpain to Ca2+ was also observed in chicken skeletal muscle (Suzuki et al., 1981) . This suggests that once the local concentration of Ca2+ in the cytosol is raised to the mM range, the enhancement of Ca2+ sensitivity may occur. Localization studies have demonstrated that plasma membrane, nucleus, and mitochondria are possible candidates for Ca2+ storage (Popescu et al., 1974; Debbas et al., 1975) . Although TSH has been shown to increase the intracellular free Ca2+ in thyroid cells (Chorda et al., 1985) , it is not clear whether Ca2+ ion increases to the mM order concentration. The highly Ca2+-sensitive form may be able to work at a physiological Ca2+ concentration. The small activity observed in peak I can be attributed to coelution of the endogenous inhibitor. It is also likely that the activity of peak I is better expressed in intact cells. Whether these highly sensitive forms of peak II and peak I are exactly the same is not clear from the data at hand.
The observation that thyroglobulin was also hydrolysed by calpain2is of interest since it is noted that thyroglobulin is released from the thyroid via the lymphatic circulation to some extent (Daniel et al., 1967) , and other investigators have shown that thyroglobulin released in the circulation is TSH-dependent (Unger et al., 1980) and poorly iodinated (Ikekubo et al., 1981) . Kohn et al. (1985) demonstrated the existence of a thyroglobulin secretion path which bypasses the Golgi without lysosomal degradation using the rat clonal thyroidal cells .
This may imply that thyroglobulin can be released by passing the normal site of iodination and lysosomal proteolytic degradation as well. Our data further suggest that thyroglobulin is a candidate for an endogenous substrate of calpain 2in hog thyroid cytosol. Futhermore, it appears to be possible that intra-thyroidal Ca2+-dependent proteolysis is, at least in part, controlled by cytosolic distribution of calpains, its inactivation by Ca2+ and the enhancement of Ca2+ sensitivity.
